The paper demonstrates the suitability of surface-enhanced resonance Raman scattering (SERRS) spectroscopy to monitor silver coordination of free base 5,10,15,20-tetrakis( 1 -methyl-4-pyridyI) porphyrin 
INTRODUCTION
Physico-chemical properties of metal-porphyrin complexes are the focus of interest due to the biological and chemical importance of metalloporphyrins. Surface-enhanced Raman scattering (SERS) and surfaceenhanced resonance Raman scattering (SERRS) can provide information on structure of molecules adsorbed on the metal surfaces /I/. In the case of free base porphyrins, a metalation process (i.e. coordination of silver atoms from the silver surface into the porphyrin core) can be observed as a consequence of the direct adsorption of the original free base porphyrin onto the metal substrate. This was first observed at the beginning of the 1980s /2-4/ and reported for various porphyrins in various SERS-active systems including layered structures 151, roughened electrodes 161, silver foil 111, MELLFs (metal liquid-like films) /8/ and colloids /9-I5/.
We have previously reported a quantitative method, based on a factor analysis (FA) /13/, capable of monitoring SERRS spectral changes caused by the porphyrin metalation in Ag colloidal systems. FA also allowed SERRS spectra of the two pure porphyrin species present in the system (i.e. free base and metalated
Ag'and Ag(0)Coordination of Porphyrins Adsorbed on Laser-Ablated
Ag Colloids Monitored by Surface porphyrin form) to be extracted and the metalation kinetics to be determined in terms of time dependence of the proportions of both species in the experimental spectra /13/.
In this paper we show that time-dependent SERRS spectra of our model porphyrin, free base 5,10,15,20-tetrakis( 1-methyl-4-pyridyl) porphyrin (H 2 TMPyP, see Figure 1 of its free base and silver form), reflect the porphyrin metalation. Depending on the chemical properties of our systems, SERRS spectra of two distinct porphyrin metalated forms can be obtained: Ag + and Ag(0) metalated. The latter form can be evoked by pretreatment of the laser-ablated "Ag colloids by thiosulfate ions that selectively disable Ag' active sites on the surface of a colloid particle. 
MATERIALS AND METHODS
5,l0,15,20-tetrakis(!-methyl-4-pyridyl)porphyrin (tetra-p-tosylate) (H 2 TMPyP), sodium thiosulfate (minimum 99%) and silver foil (99.99%, ~ 1 mm thickness) were purchased from Sigma-Aldrich. SERRS spectra were recorded at room temperature with a nitrogen cooled CCD Raman spectrometer by using the 441.6 nm excitation line of a He-Cd laser (power 3-4 mW at the sample). Spectral slit width was ~5 cm"', accumulation time 60 s. The kinetics of the metalation process in both systems was determined in terms of time dependence of the proportions of both species in the experimental spectra /13/. Obtained metalation kinetics, represented by the time-dependent fraction of the metalated form, is plotted in Figure 4 . In the case of the Ag colloid/H 2 TMPyP system, the metalated fraction rapidly increases and ca. 10 min. after the HiTMPyP addition to the colloid it reaches the limit value ~ 0.85. This is in very good agreement with our previous results /15/. The incomplete metalation can be explained by hindering effect of porphyrin molecules /15/. On the other hand, in the presence of thiosulfate ions, the metalated fraction achieves only ~ 0.75 after 57 min. Exponential fit of obtained dependence shows that the metalation fraction reaches the limit value ~ 0.90 after ~ 10 hours. Thus, we conclude that although the metalation fraction achieves approximately the same limit value for both systems, metalation by Ag(0) is substantially slower than metalation by Ag + cations.
RESULTS AND DISCUSSION
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